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Abstract
We study the rare decays B+u → π+ℓ+ℓ−, ρ+ℓ+ℓ− and B0d → ℓ+ℓ−(ℓ = e, µ) in
the R-parity violating supersymmetric standard model. From the latest upper limits
of B(B+u → π+ℓ+ℓ−) and B(B0d → ℓ+ℓ−), we have derived new upper bounds on the
relevant R-parity violating couplings products, which are stronger than the existing ones.
Using the constrained parameter space, we present the R-parity violating effects on the
branching ratios and the forward-backward asymmetries of these decays. We find that
B(B0d → ℓ+ℓ−) and B(B+u → ρ+ℓ+ℓ−) could be enhanced several orders by the R-parity
violating sneutrino and squark exchanges, respectively. The R-parity violating effects on
the dilepton invariant mass spectra of B+u → π+ℓ+ℓ−, ρ+ℓ+ℓ− and the normalized forward-
backward asymmetry AFB(B+u → π+ℓ+ℓ−) and AFB(B+u → ρ+ℓ+ℓ−) are studied in
detail. Our results could be used to probe the R-parity violating effects and will correlate
with searches for the direct R-parity violating signals at the future experiments.
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1 Introduction
In the Standard Model (SM), rare B decays B+u → π+ℓ+ℓ−, ρ+ℓ+ℓ− and B0d → ℓ+ℓ− (ℓ =
e, µ) are induced by b¯ → d¯ℓ+ℓ− flavor changing neutral current (FCNC) and expected to
be highly suppressed. These decays could be an important testing ground of the SM and
offer a complementary means to search for new physics by probing the indirect effects of new
interactions.
The physical aspects of these decays are similar to the b → sℓ+ℓ− decays, which, due to
its much larger rates, have been studied much more extensively in the SM [1, 2, 3, 4] and its
various extensions [5, 6, 7, 8, 9, 10]. Additionally to the b → sℓ+ℓ− decays, the b → dℓ+ℓ−
decays would serve an independent test for new flavor changing interactions. Experimental
progresses aimed to such semileptonic FCNC decays have been made by BABAR [11] and Belle
[12] with the measurements of the forward-backward asymmetry (AFB) of B → K∗ℓ+ℓ− and the
branching ratios of both B → K∗ℓ+ℓ− and Kℓ+ℓ−. Furthermore, the radiative b→ dγ penguin
processes B → ργ and ωγ have been measured by BABAR [13] and Belle [14]. Along with these
progresses, BABAR, Belle and CDF have begun to probe b→ dℓ+ℓ− decays. Recently, BABAR
has made a search for B → πℓ+ℓ− and B0d → ℓ+ℓ− decays [15]. It’s interesting to note that the
new upper limit of B(B → πℓ+ℓ−) < 9.1 × 10−8 at 90% C.L. [15] has improved the previous
upper limits [17] by four orders of magnitude. Meanwhile, the upper limit of B(B0d → µ+µ−)
has been improved to be B(B0d → µ+µ−) < 1.5×10−8 at 90% C.L. by CDF [16]. These renewed
upper limits from BABAR [15] and CDF [16] will provide powerful constraints on new physics.
In the literature, many useful observables in B → ρℓ+ℓ− and B → πℓ+ℓ− decays, such as
branching ratio, CP -asymmetry, forward-backward asymmetry etc., have been investigated in
the framework of the SM [18], the two Higgs doublet models [19, 20, 21] and supersymmetry
models (SUSY) [22]. With the new upper limits, it would be very worthy to study these decays
in other new physics models to derive bounds on the relevant parameters.
In this paper, we will study these decays in the R-parity violating (RPV) supersymmetric
standard model [23, 24, 25]. The phenomenological constraints on the RPV couplings have been
studied extensively in B decays [26]. At first, we will update the SM expectations of these decays
with the up-to-date inputs, such as the new light-cone QCD sum rules results for B → π(ρ)
form factors [27] and the electro-weak parameters [28]. To make realistic estimations, we have
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taken into account of the uncertainties of the input parameters by varying them randomly
within 1σ variance.
The decays B+u → ρ+ℓ+ℓ−, B+u → π+ℓ+ℓ− and B0d → ℓ+ℓ− are all induced at the parton level
by the same set of the RPV coupling products in the RPV SUSY. From the latest experimental
data and the theoretical parameters, we will derive the new upper limits on the relevant RPV
coupling products. Then we will use the constrained parameter space to predict the RPV
effects on the branching ratios of B+u → ρ+ℓ+ℓ−, B+u → π+ℓ+ℓ− and B0d → ℓ+ℓ− decays,
and the forward-backward asymmetries of B+u → ρ+ℓ+ℓ− and B+u → π+ℓ+ℓ−. Moreover, we
will compare the SM predictions with the RPV predictions about the dilepton invariant mass
spectra and the normalized forward-backward asymmetries in B+u → ρ+ℓ+ℓ− and B+u → π+ℓ+ℓ−
decays.
The paper is organized as follows. In Sec. 2, we derive the expressions for B+u → ρ+ℓ+ℓ−,
B+u → π+ℓ+ℓ− and B0d → ℓ+ℓ− processes in the RPV SUSY. In Sec. 3, our numerical analysis
are presented. We display the constrained parameter spaces which satisfy all the upper limits
of B(B+u → π+ℓ+ℓ−) and B(B0d → ℓ+ℓ−), and then we use the constrained parameter spaces
to present the RPV effects on AFB(B+u → ρ+ℓ+ℓ−), AFB(B+u → π+ℓ+ℓ−), B(B+u → π+ℓ+ℓ−),
B(B+u → ρ+ℓ+ℓ−) and B(B0d → ℓ+ℓ−). We also show the RPV effects on the dilepton invariant
mass spectra and the normalized forward-backward asymmetries in B+u → ρ+ℓ+ℓ− and B+u →
π+ℓ+ℓ− decays. Sec. 4 is devoted to our summary.
2 The theoretical frame for B+u → π+ℓ+ℓ−, B+u → ρ+ℓ+ℓ−
and B0d → ℓ+ℓ−
2.1 The decay branching ratios in the SM
2.1.1 The semileptonic decays B+ → π+ℓ+ℓ− and B+ → ρ+ℓ+ℓ−
In the SM, the effective Hamiltonian for the b¯→ d¯ℓ+ℓ− decay can be written as [3, 29, 30]
HSMeff = −
4GF√
2
VtdV
∗
tb
{
10∑
i=1
Ci(µ)Oi(µ) + λ∗u
2∑
i=1
Ci(µ)[Oi(µ)−O(u)i (µ)]
}
, (1)
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where λ∗u ≡ V
∗
ub
Vud
V ∗
tb
Vtd
. The explicit form of all operators Oi(µ) and the Wilson coefficients Ci(µ)
calculated in the naive dimensional regularization (NDR) scheme can be found in [3]. The
effective Hamiltonian leads the QCD corrected matrix element for b¯→ d¯ℓ+ℓ− [3, 29]
MSM(b¯→ d¯ℓ+ℓ−) = GFαe√
2π
V ∗tbVtd
{
Ceff9 (b¯γµPLd)(ℓ¯γ
µℓ) + C10(b¯γµPLd)(ℓ¯γ
µγ5ℓ)
−2mˆbCeff7
(
b¯iσµν
qˆν
sˆ
PLd
)
(ℓ¯γµℓ)
}
, (2)
with PL,R ≡ (1∓ γ5)/2, s = q2 and q = p+ + p− ( p± are the four-momenta of the leptons). We
take md/mb = 0, but keep the leptons mass. The hat denotes normalization in terms of the
B-meson mass, mB, e.g. sˆ = s/m
2
B, mˆq = mq/mB.
Ceff9 (µ) contains the one-gluon corrections to O9 (ω(sˆ) term) [31] and the corrections of
four-quark operators O1−6 and Ou1,2 in Eq.(1) [32], which can be written as [29]
Ceff9 (µ) = ξ1 + λ
∗
uξ2, (3)
with
ξ1 = Cˆ
NDR
9
[
1 +
αs(µ)
π
ω(sˆ)
]
+ g(mˆc, sˆ)
(
3C1 + C2 + 3C3 + C4 + 3C5 + C6
)
−1
2
g(1, sˆ)
(
4C3 + 4C4 + 3C5 + C6
)
− 1
2
g(0, sˆ)
(
C3 + 3C4
)
+
2
9
(
3C3 + C4 + 3C5 + C6
)
, (4)
ξ2 =
[
g(mˆc, sˆ)− g(0, sˆ)
](
3C1 + C2
)
. (5)
In addition to the short distance contributions, b¯ → d¯ℓ+ℓ− decay also receives long distance
contributions from both on- and off-shell vector mesons, which can be incorporated in Ceff9 by
the replacement [33, 34]
g(mˆc, sˆ)→ g(mˆc, sˆ)− 3π
α2e
∑
Vi=ψ,ψ′...
κ
mViΓ(Vi → ℓ+ℓ−)
s−m2Vi + iΓVimVi
. (6)
This issue has been extensively discussed in literature [35, 36].
With these formulas, one can derive the decay amplitudes for B+ → π+ℓ+ℓ− and ρ+ℓ+ℓ−
decays. Recently the form factors for B → π and B → ρ transitions have been improved in
the framework of light-cone QCD sum rules [27], with one-loop radiative corrections to twist-2
and twist-3 contributions, and leading order twist-4 corrections. Using the form-factors defined
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in [27] and the matrix in Eq.(2), we get the following amplitudes for B+u → π+ℓ+ℓ− and
B+u → ρ+ℓ+ℓ− decays:
MSM(B → Mℓ+ℓ−) = GFαe
2
√
2 π
VtdV
∗
tbmB
[
T1µ(ℓ¯γµℓ) + T2µ(ℓ¯γµγ5ℓ)
]
, (7)
where for B+u → π+ℓ+ℓ−,
T1µ = A′(sˆ)pˆµ +B′(sˆ)qˆµ, (8)
T2µ = C ′(sˆ)pˆµ +D′(sˆ)qˆµ, (9)
and for B+u → ρ+ℓ+ℓ−,
T1µ = A(sˆ)ǫµραβǫ∗ρpˆαB pˆβρ − iB(sˆ)ǫ∗µ + iC(sˆ)(ǫ∗ · pˆB)pˆµ + iD(sˆ)(ǫ∗ · pˆB)qˆµ, (10)
T2µ = E(sˆ)ǫµραβǫ∗ρpˆαB pˆβρ − iF (sˆ)ǫ∗µ + iG(sˆ)(ǫ∗ · pˆB)pˆµ + iH(sˆ)(ǫ∗ · pˆB)qˆµ, (11)
with p ≡ pB + pM(M = π+ or ρ+ ).
The auxiliary functions in T1,2µ are defined as [6]
A′(sˆ) = Ceff9 (sˆ)f+(sˆ) +
2mˆb
1 + mˆπ
Ceff7 fT (sˆ), (12)
B′(sˆ) = Ceff9 (sˆ)f−(sˆ)−
2mˆb
sˆ
(1− mˆπ)Ceff7 fT (sˆ), (13)
C ′(sˆ) = C10f+(sˆ), (14)
D′(sˆ) = C10f−(sˆ), (15)
A(sˆ) =
2
1 + mˆρ
Ceff9 (sˆ)V (sˆ) +
4mˆb
sˆ
Ceff7 T1(sˆ), (16)
B(sˆ) = (1 + mˆρ)
[
Ceff9 (sˆ)A1(sˆ) +
2mˆb
sˆ
(1− mˆρ)Ceff7 T2(sˆ)
]
, (17)
C(sˆ) =
1
1− mˆ2ρ
[
(1− mˆρ)Ceff9 (sˆ)A2(sˆ) + 2mˆbCeff7
(
T3(sˆ) +
1− mˆρ
sˆ
T2(sˆ)
)]
, (18)
D(sˆ) =
1
sˆ
[
Ceff9 (sˆ)
(
(1 + mˆρ)A1(sˆ)− (1− mˆρ)A2(sˆ)− 2mˆρA0(sˆ)
)
−2mˆbCeff7 T3(sˆ)
]
, (19)
E(sˆ) =
2
1 + mˆρ
C10V (sˆ), (20)
F (sˆ) = (1 + mˆρ)C10A1(sˆ), (21)
G(sˆ) =
1
1 + mˆρ
C10A2(sˆ), (22)
H(sˆ) =
1
sˆ
C10
[
(1 + mˆρ)A1(sˆ)− (1− mˆρ)A2(sˆ)− 2mˆρA0(sˆ)
]
. (23)
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The kinematic variables (sˆ, uˆ) are chosen to be
sˆ = qˆ2 = (pˆ+ + pˆ−)
2, (24)
uˆ = (pˆB − pˆ−)2 − (pˆB − pˆ+)2, (25)
which are bounded as
(2mˆℓ)
2 ≤ sˆ ≤ (1− mˆρ)2, (26)
−uˆ(sˆ) ≤ uˆ ≤ uˆ(sˆ), (27)
with mˆℓ = mℓ/mB and
uˆ(sˆ) =
√
λ(1− 4mˆ
2
ℓ
sˆ
), (28)
λ ≡ λ(1, mˆ2π,ρ, sˆ)
= 1 + mˆ4π,ρ + sˆ
2 − 2sˆ− 2mˆ2π,ρ(1 + sˆ). (29)
Note that the variable uˆ corresponds to θ, the angle between the three-momentum of the
ℓ+ lepton and the B meson in the dilepton center-of-mass system (CMS) frame, through the
relation uˆ = −uˆ(s)cosθ [37]. Keeping the lepton mass, the double differential decay branching
ratios Bπ+ and Bρ+ for the decays B+u → π+ℓ+ℓ− and B+u → ρ+ℓ+ℓ−, respectively, are found to
be
d2Bπ+SM
dsˆduˆ
= τB
G2Fα
2
em
5
B
211π5
|VtdV ∗tb|2
{
(|A′|2 + |C ′|2)(λ− uˆ2)
+|C ′|24mˆ2ℓ(2 + 2mˆ2π+ − sˆ) +Re(C ′D′∗)8mˆ2ℓ(1− mˆ2π+) + |D′|24mˆ2ℓ sˆ
}
, (30)
d2Bρ+SM
dsˆduˆ
= τB
G2Fα
2
em
5
B
211π5
|VtdV ∗tb|2
×
{ |A|2
4
(
sˆ(λ+ uˆ2) + 4mˆ2ℓλ
)
+
|E|2
4
(
sˆ(λ+ uˆ2)− 4mˆ2ℓλ
)
+
1
4mˆ2ρ+
[
|B|2
(
λ− uˆ2 + 8mˆ2ρ+(sˆ+ 2mˆ2ℓ)
)
+ |F |2
(
λ− uˆ2 + 8mˆ2ρ+(sˆ− 4mˆ2ℓ)
)]
−2sˆuˆ
[
Re(BE∗) +Re(AF ∗)
]
+
λ
4mˆ2ρ+
[
|C|2(λ− uˆ2) + |G|2(λ− uˆ2 + 4mˆ2ℓ(2 + 2mˆ2ρ+ − sˆ)
)]
− 1
2mˆ2ρ+
[
Re(BC∗)(1− mˆ2ρ+ − sˆ)(λ− uˆ2)
6
+Re(FG∗)
(
(1− mˆ2ρ+ − sˆ)(λ− uˆ2) + 4mˆ2ℓλ
)]
−2 mˆ
2
ℓ
mˆ2ρ+
λ
[
Re(FH∗)−Re(GH∗)(1− mˆ2ρ+)
]
+ |H|2 mˆ
2
ℓ
mˆ2ρ+
sˆλ
}
. (31)
2.1.2 The pure leptonic decays B0d → ℓ+ℓ−
In the SM, the purely leptonic decays B0d → ℓ+ℓ− proceed trough electroweak penguin diagrams
with Z exchange as well as W box diagrams. The photon penguin contribution is forbidden by
the conservation of electromagnetic current. The effective Hamiltonian for these decays is [38]
HSMeff (B0d → ℓ+ℓ−) = −
GF√
2
αe
2πsin2θW
VtdV
∗
tbY (xt)(bd)V−A(ℓℓ)V−A, (32)
where xt ≡ m2t/m2W , which leads to the branching ratio
BSM(Bd → ℓ+ℓ−) = τBd
16πmBd
√
1− 4mˆ2ℓ
∣∣∣MSM(Bd → ℓ+ℓ−)∣∣∣2
= τBd
G2F
π
(
αe
4πsin2θW
)2
f 2Bdm
2
ℓmBd
√
1− 4mˆ2ℓ |VtdV ∗tb|2 |Y (xt)|2. (33)
In the SM, as shown by Eq.(33), the decays are suppressed by helicity conservation (the factor
m2ℓ/m
2
B ) in addition to the small Vtd. However, they are very sensitive to new physics with
pseudo-scalar interactions.
2.2 The decay amplitudes in the RPV SUSY
In the most general superpotential of the minimal supersymmetric standard model, the RPV
superpotential is given by [23, 24, 25]
W6Rp = µiLˆiHˆu +
1
2
λ[ij]kLˆiLˆjEˆ
c
k + λ
′
ijkLˆiQˆjDˆ
c
k +
1
2
λ′′i[jk]Uˆ
c
i Dˆ
c
jDˆ
c
k, (34)
where i, j, k = 1, 2, 3 are generation indices and c denotes a charge conjugate field. Lˆi(Qˆi)
are the lepton(quark) SU(2)L doublet superfields, Eˆ
c, Uˆ c and Dˆc are the singlet superfields,
respectively. The bilinear RPV superpotential terms µiLˆiHˆu can be rotated away by suitable
redefining the lepton and Higgs superfields [25]. However, the rotation will generate a soft
SUSY breaking bilinear term which would affect our calculation through penguin level. The
processes discussed in this paper could be induced by the tree-level RPV couplings, so that we
would neglect sub-leading RPV penguin contributions in this study. The λ and λ′ couplings
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in Eq.(34) break the lepton number, while the λ′′ couplings break the baryon number. There
are 27 λ′ijk couplings, 9 λijk and 9 λ
′′
ijk couplings. λ[ij]k are antisymmetric with respect to their
first two indices, and λ′′i[jk] are antisymmetric with j and k. All the processes considered in
Figure 1: The RPV contributions to B+u → π+(ρ+)ℓ+ℓ− due to the sneutrino and squark
exchange.
~unL
ej
_
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Figure 2: The RPV contributions to B0d → ℓ+ℓ− due to the sneutrino and squark exchange.
this paper involve terms in the RPV Hamiltonian with two leptons and two quarks as external
fields. From Eq.(34), the Hamiltonian of b¯→ d¯ℓ+ℓ− process due to the squarks and sneutrinos
exchange are
H 6Rpeff = −
1
2
∑
i
λ′jikλ
′∗
lin
m2u˜iL
(d¯kγ
µPRdn)(ℓ¯lγµPLℓj)
+
∑
i
{
λijkλ
′∗
imn
m2ν˜iL
(d¯mPRdn)(ℓ¯kPLℓj) +
λ∗ijkλ
′
imn
m2ν˜iL
(d¯nPLdm)(ℓ¯jPRℓk)
}
. (35)
The RPV Feynman diagrams of B+u → π+ℓ+ℓ−, B+u → ρ+ℓ+ℓ− and B0d → ℓ+ℓ− are displayed
in Fig.1 and Fig.2, respectively.
From Eq.(35), we can obtain the RPV decay amplitude for B+u → π+ℓ+ℓ−
M 6Rp (B+u → π+ℓ+ℓ−) = Υu˜
(
ℓ¯k( 6p B+ 6p π+)(1− γ5)ℓj
)
+Υν˜
(
ℓ¯k(1− γ5)ℓj
)
+Υ′ν˜
(
ℓ¯k(1 + γ5)ℓj
)
,(36)
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where
Υu˜ = −
∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
fB
+
u→π+
+ (sˆ), (37)
Υν˜ =
∑
i
λijkλ
′∗
i31
4m2ν˜iL
fB
+
u→π+
+ (sˆ)
m2B −m2π+
mb −md , (38)
Υ′ν˜ =
∑
i
λ∗ikjλ
′
i13
4m2ν˜iL
fB
+
u→π+
+ (sˆ)
m2B −m2π+
mb −md , (39)
with mb and md are the quark’s running masses at the scale mb.
For B+u → ρ+ℓ+ℓ−, the RPV amplitude is
M 6Rp (B+u → ρ+ℓ+ℓ−) = T3µ
(
ℓ¯kγ
µ(1− γ5)ℓj
)
+ Φν˜
(
ℓ¯k(1− γ5)ℓj
)
+ Φ′ν˜
(
ℓ¯k(1 + γ5)ℓj
)
, (40)
where
T3µ = I(sˆ)ǫµραβǫ∗ρpˆαB pˆβρ+ − iJ(sˆ)ǫ∗µ + iK(sˆ)(ǫ∗ · pˆB)pˆµ + iL(sˆ)(ǫ∗ · pˆB)qˆµ, (41)
Φν˜ =
∑
i
λijkλ
′∗
i31
4m2ν˜iL
− i
2
AB
+
u→ρ+
0 (sˆ)
mb +md
λ
1
2m2B
 , (42)
Φ′ν˜ =
∑
i
λ∗ikjλ
′
i13
4m2ν˜iL
 i
2
AB
+
u→ρ+
0 (sˆ)
mb +md
λ
1
2m2B
 , (43)
and the auxiliary functions above are found to be
I(sˆ) = −∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
2V B+u→ρ+(sˆ)
mB +mρ+
m2B
 , (44)
J(sˆ) =
∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
[
(mB +mρ+)A
B+u→ρ+
1 (sˆ)
]
, (45)
K(sˆ) = −∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
AB+u→ρ+2 (sˆ)
mB +mρ+
m2B
 , (46)
L(sˆ) = −∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
[
2mρ+
sˆ
(
AB
+
u→ρ+
3 (sˆ)−AB
+
u→ρ+
0 (sˆ)
)]
. (47)
For the pure leptonic decays B0d → ℓ+ℓ−, the RPV amplitude is
M 6Rp (Bd → ℓ+ℓ−) = Ωu˜
(
ℓ¯k 6p B(1− γ5)ℓj
)
+ Ων˜
(
ℓ¯k(1− γ5)ℓj
)
+ Ω′ν˜
(
ℓ¯k(1 + γ5)ℓj
)
, (48)
where
Ωu˜ = ifBd
∑
i
λ′ji3λ
′∗
ki1
8m2u˜iL
, Ων˜ = −ifBdµBd
∑
i
λijkλ
′∗
i31
4m2ν˜iL
, Ω′ν˜ = ifBdµBd
∑
i
λ∗ikjλ
′
i13
4m2ν˜iL
, (49)
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and µBd ≡
m2
Bd
mb+md
.
Generally, the RPV couplings can be complex and their phase may induce new contributions,
so we write them as
λijkλ
∗
lmn = |λijkλ∗lmn| eiφ 6Rp , λ∗ijkλlmn = |λijkλ∗lmn| e−iφ 6Rp , (50)
and φ 6Rp ∈ [−π, π] is the RPV weak phase.
2.3 The branching ratios with RPV contributions
Using the formulae presented above, we get the following results for the double differential
decay branching ratios for the decays B+u →M+ℓ+ℓ− (M+ = π+ or ρ+),
d2BM+
dsˆduˆ
=
d2BM+SM
dsˆduˆ
+
d2BM+u˜
dsˆduˆ
+
d2BM+ν˜
dsˆduˆ
+
d2B′M+ν˜
dsˆduˆ
. (51)
Since it is always assumed in the literature for numerical display that only one sfermion con-
tributes at one time, we have neglected the interferences between different RPV coupling prod-
ucts, but kept their interferences with the SM amplitude, as shown in the following equations.
For the B+u → π+ℓ+ℓ− decay,
d2Bπ+u˜
dsˆduˆ
= τB
m4B
27π3
{
Re(WA′Υ∗u˜)(λ− uˆ2)
+Re(WC ′Υ∗u˜)
[
− (λ− uˆ2)− 4mˆ2ℓ(2 + 2mˆ2π+ − sˆ)
]
+Re(WD′Υ∗u˜)
[
− 4mˆ2ℓ(1− mˆ2π+)
]
+|Υu˜|2mB
[
λ− uˆ2 + 2mˆ2ℓ(2 + 2mˆ2π+ − sˆ)
]}
, (52)
d2Bπ+ν˜
dsˆduˆ
= τB
m3B
27π3
{
Re(WA′Υ∗ν˜)(2mˆℓuˆ) +Re(WC
′Υ∗ν˜)(1− mˆ2π+)(−2mˆℓ)
+Re(WD′Υ∗ν˜)(−2mˆℓsˆ) + |Υν˜|2(sˆ− 2mˆ2ℓ)
}
, (53)
d2B′π+ν˜
dsˆduˆ
= τB
m3B
27π3
{
Re(WA′Υ′∗ν˜ )(2mˆℓuˆ) +Re(WC
′Υ′∗ν˜ )(1− mˆ2π+)(2mˆℓ)
+Re(WD′Υ′∗ν˜ )(2mˆℓsˆ) + |Υ′ν˜ |2(sˆ− 2mˆ2ℓ)
}
, (54)
and W = − GFαe
2
√
2 π
V ∗tbVtdmB.
10
For the B+u → ρ+ℓ+ℓ− decay,
d2Bρ+u˜
dsˆduˆ
= τB
m3B
29π3
{
Re(WAI∗)
[
sˆ(λ+ uˆ2) + 4mˆ2ℓλ
]
−Re(WEI∗)
[
sˆ(λ+ uˆ2)− 4mˆ2ℓλ
]
+ |I|2
[
sˆ(λ+ uˆ2)
]
+4sˆuˆ
[
Re(WAJ∗) +Re(WBI∗)−Re(WEJ∗)−Re(WFI∗) + 2Re(IJ∗)
]
+
1
mˆ2ρ+
[
Re(WBJ∗)
(
λ− uˆ2 + 8mˆ2ρ+(sˆ+ 2m2ℓ)
)
−Re(WFJ∗)
(
λ− uˆ2 + 8mˆ2ρ+(sˆ− 4m2ℓ)
)
+|J |2
(
λ− uˆ2 + 8mˆ2ρ+(sˆ− mˆ2ℓ)
)
−Re(WBK∗)(λ− uˆ2)(1− mˆ2ρ+ − sˆ)
+Re(WFK∗)
(
(λ− uˆ2)(1− mˆ2ρ+ − sˆ) + 4mˆ2ℓλ
)
−2Re(JK∗)
(
(λ− uˆ2)(1− mˆ2ρ+ − sˆ) + 2mˆ2ℓλ
)]
+
λ
mˆ2ρ+
[
Re(WCK∗)(λ− uˆ2)−Re(WGK∗)
(
λ− uˆ2 + 4mˆ2ℓ(2 + 2mˆ2ρ+ − sˆ)
)
+|K|2
(
λ− uˆ2 + 2mˆ2ℓ(2 + 2mˆ2ρ+ − sˆ)
)]
+
4mˆ2ℓ
mˆ2ρ+
λ
[
− Re(WHL∗)sˆ+ |L|2sˆ/2 +Re(WFL∗)− Re(JL∗)
−Re(WGL∗)(1− mˆ2ρ+) +Re(KL∗)(1− mˆ2ρ+)
]}
, (55)
d2Bρ+ν˜
dsˆduˆ
= τB
m3B
27π3
{
− mˆ
2
ℓ
mˆ2ρ+
[
Im(WBΦ∗ν˜) ·
(
λ−
1
2 uˆ(1− mˆ2ρ+ − sˆ)
)
+Im(WCΦ∗ν˜)λ
1
2 uˆ+ Im(WFΦ∗ν˜)λ
1
2
−Im(WGΦ∗ν˜)λ
1
2 (1− mˆ2ρ+)
]
+ |Φν˜ |2(sˆ− 2mˆ2ℓ)
}
, (56)
d2B′ρ+ν˜
dsˆduˆ
= τB
m3B
27π3
{
− mˆ
2
ℓ
mˆ2ρ+
[
Im(WBΦ′∗ν˜ ) ·
(
λ−
1
2 uˆ(1− mˆ2ρ+ − sˆ)
)
+Im(WCΦ′∗ν˜ )λ
1
2 uˆ− Im(WFΦ′∗ν˜ )λ
1
2
+Im(WGΦ′∗ν˜ )λ
1
2 (1− mˆ2ρ+)
]
+ |Φ′ν˜ |2(sˆ− 2mˆ2ℓ)
}
. (57)
The normalized forward-backward asymmetries is defined by
AFB(B →Mℓ+ℓ−) =
∫
dsˆ
∫+1
−1
d2B(B→Mℓ+ℓ−)
dsˆdcosθ
sign(cosθ)dcosθ∫ +1
−1
d2B(B→Mℓ+ℓ−)
dsˆdcosθ
dcosθ
. (58)
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Since there is no term containing uˆ with an odd power as shown by Eq.(30), the AFB is zero
for B+u → π+ℓ+ℓ− decays in the SM. The RPV effect via squark exchange on AFB(B+u →
π+ℓ+ℓ−) also vanishes for the same reason as shown by Eq.(52), while the sneutrino exchange
contributions to AFB, as shown by Eqs.(53, 54), are proportional to mℓ, which are tiny for
ℓ = e, µ.
The total decay branching ratios of the pure leptonic B0d decays are given by
B(Bd → ℓ+ℓ−) = BSM(Bd → ℓ+ℓ−)
{
1 +
1
|KSM |2
[
2Re(KSMΩ
∗
u˜) + |Ωu˜|2
]
+
1
|KSM |2
[
Re(KSMΩ
∗
ν˜)
1
mℓ
+ |Ων˜ |2
(
1
2m2ℓ
− 1
m2Bd
)]
+
1
|KSM |2
[
− Re(KSMΩ′∗ν˜ )
1
mℓ
+ |Ω′ν˜ |2
(
1
2m2ℓ
− 1
m2Bd
)]}
, (59)
with
KSM = −GF√
2
αe
2πsin2θW
VtdV
∗
tbY (xt)(ifBd). (60)
From Eq.(59), we can see that B(B0d → ℓ+ℓ−) could be enhanced very much by the s-channel
RPV sneutrino exchange, but not so much by the t-channel squark exchange.
3 Numerical results and analyses
With the formulae presented in previous section, we are ready to perform our numerical analysis.
Firstly, we will specify the input parameters. Then we will use the latest up-limits of B(B+u →
π+ℓ+ℓ−) and B(B0d → ℓ+ℓ−) to get the constraints on the relevant RPV couplings. Finally, we
will show the distributions of the branching ratios and the forward-backward asymmetries of
these decays in the constrained RPV parameter space.
In the Wolfenstein parametrization of the CKM matrix elements, one has
λ∗u =
V ∗ubVud
V ∗tbVtd
=
ρ¯+ iη¯
1− ρ¯− iη¯ +O(λ
5). (61)
The parameters λ, ρ¯ and η¯ have been updated by CKMfitter Group [39], which read
λ = 0.22568+0.00084−0.00079, ρ¯ = 0.213
+0.014
−0.024, η¯ = 0.348
+0.012
−0.021. (62)
In our numerical analysis, we have used |VtdV ∗tb| = |Vtd| = (8.27+0.21−0.49)× 10−3 [39].
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For the semileptonic decays B+u → π+ℓ+ℓ− and B+u → ρ+ℓ+ℓ−, we will use the form factors
of light-cone QCD sum rules (LCSRs) results [27], which are renewed recently with radiative
corrections to the leading twist wave functions and SU(3) breaking effects. For the q2 depen-
dence of the form factors, they are parameterized in terms of simple formulae with two or three
parameters. The form factors V, A0, T1, f+ and fT are parameterized by [27]
F (sˆ) =
r1
1− sˆ/mˆ2R
+
r2
1− sˆ/mˆ2fit
. (63)
For the form factors A2 and T˜3, it is more appropriate to expand them to the second order
around the pole [27]
F (sˆ) =
r1
1− sˆ/mˆ2fit
+
r2
(1− sˆ/mˆ2fit)2
. (64)
The fit formula for A1, T2 and f0 is
F (sˆ) =
r2
1− sˆ/mˆ2fit
. (65)
The form factor T3 can be obtained with T3(sˆ) =
1−mˆρ
sˆ
[T˜3(sˆ) − T2(sˆ)]. The values of all the
corresponding parameters for these form factors are listed in Table I, the uncertainties induced
by F(0) [27] are also considered in the following numerical data analyses.
The values of other input parameters used in the numerical calculation and the experimental
upper-limits are given, respectively, in Tables II and III. In the numerical calculations through
the paper, we will take into account of the 1σ uncertainties of the parameters with relative
large error bars.
With these inputs, we get the SM prediction B(B+u → π+ℓ+ℓ−) = (2.03 ± 0.23) × 10−8,
which is smaller than the result (3.27× 10−8) in Ref. [19]. The difference is mainly due to the
updated values for formfactors and CKM parameters.
As in the literature, we assume that only one sfermion contributes at one time with a mass of
100 GeV. For other values of the sfermion masses, the bounds on the couplings in this paper can
be easily obtained by scaling them by factor f˜ 2 ≡ ( mf˜
100GeV
)2. We present the branching ratios
of the SM expectation in Table III, where the relevant experimental upper limits [15, 16, 41] are
listed for comparison. We can see that the experimental upper limits of B(B+u → π+ℓ+ℓ−) are
just one order above the SM expectations, which will constrain RPV SUSY parameter space
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Table I: Fit for form factors involving the B → π(ρ) transitions valid for general q2 [27].
F (sˆ) F (0) ∆tot r1 m
2
R r2 m
2
fit fit Eq.
fB→π+ 0.258 0.031 0.744 5.32
2 −0.486 40.73 (63)
fB→πT 0.253 0.028 1.387 5.32
2 −1.134 32.22 (63)
fB→π0 0.258 0.031 0.258 33.81 (65)
V B→ρ 0.323 0.030 1.045 5.322 −0.721 38.34 (63)
AB→ρ0 0.303 0.029 1.527 5.28
2 −1.220 33.36 (63)
AB→ρ1 0.242 0.023 0.240 37.51 (65)
AB→ρ2 0.221 0.023 0.009 0.212 40.82 (64)
TB→ρ1 0.267 0.023 0.897 5.32
2 −0.629 38.04 (63)
TB→ρ2 0.267 0.023 0.267 38.59 (65)
T˜B→ρ3 0.267 0.024 0.022 0.246 40.88 (64)
Table II: Default values of the input parameters and the ±1σ error bars of the sensitive
parameters used in our numerical calculations in addition to the ones discussed in text.
mBd = 5.279 GeV, mBu = 5.279 GeV, mW = 80.425 GeV,
mπ+ = 0.140 GeV, mπ0 = 0.135 GeV, mρ = 0.776 GeV,
mb(mb) = (4.20± 0.07) GeV,
mu(2GeV ) = 0.0015 ∼ 0.003 GeV, md(2GeV ) = 0.003 ∼ 0.007 GeV,
me = 0.511× 10−3 GeV, mµ = 0.106 GeV, mt,pole = 174.2± 3.3 GeV. [28]
τBd = 1.530 ps, τBu = 1.638 ps. [28]
sin2θW = 0.22306, αe = 1/137. [28]
fBd = 0.216
+0.009
−0.019 GeV. [40]
significantly. Although the present limit of B(B0d → µ+µ−) are three orders of magnitudes
higher than the SM predictions, the upper-limit will also yield strong bounds since the decay
B0d → µ+µ− is very sensitive to new pseudo-scalar interactions beyond the SM.
Now we turn to the RPV effects. The decays to B+u → ρ+ℓ+ℓ−, B+u → π+ℓ+ℓ− and
B0d → ℓ+ℓ− involve the same set of the six RPV coupling products. Combining the upper-
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Table III: The SM predictions and experimental data of branching ratios for the
upper limits for B0d → ℓ+ℓ− and B+u → π+ℓ+ℓ− [15, 16, 41].
SM prediction value Experimental data
B(B+u → π+µ+µ−) (2.03± 0.23)× 10−8 < 2.8× 10−7 (90% C.L.) [15]
B(B+u → π+e+e−) (2.03± 0.23)× 10−8 < 1.8× 10−7 (90% C.L.) [15]
B(B+u → ρ+µ+µ−) (4.33± 1.14)× 10−8
B(B+u → ρ+e+e−) (5.26± 1.37)× 10−8
B(Bd → µ+µ−) (1.33± 0.12)× 10−10 < 1.5× 10−8 (90% C.L.) [16]
B(Bd → e+e−) (3.11± 0.27)× 10−15 < 6.1× 10−8 (90% C.L.) [41]
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Figure 3: The allowed parameter spaces for the relevant RPV couplings constrained by the
measurements listed in Table IV, and the RPV weak phase is given in degree.
15
limits of B(B+u → π+ℓ+ℓ−) [15] and B(B0d → ℓ+ℓ−) [16, 28] listed in Table III, we get constraints
on the six RPV coupling products. Subject to the constraints, the random variations of the
parameters as discussed previously lead to the scatter plots displayed in Fig.3. From the figure,
we can see that the constraints RPV on λ′2i3λ
′∗
2i1 and λ
′
1i3λ
′∗
1i1 are sensitive to their RPV weak
phases, which implies significant interferences between the squark contributions and the SM
ones. As depicted by Fig.1 and 2, the squark contribution amplitudes are of b¯(V +A)dℓ¯(V −A)ℓ
current structure after Fierz transformations, which are similar to the SM amplitudes. For the
constraints on λ′λ∗ of sneutrinos are insensitive to their phase φ 6Rp . We summarize all the
constraints in Table IV, where the recent updated bounds [42] are listed for comparison. It’s
shown that our bounds are more restricted than the previous ones. We note that the strong
constraints on λ′1i3λ
′∗
1i1 and λ
′
2i3λ
′∗
2i1 are mainly due to the upper-limits of B(B+ → π+ℓ+ℓ−),
which are just one order higher that the SM expectations, and the constraints on other four
RPV coupling products from the sneutrino exchange are mainly due to the upper-limits of
B(B0d → ℓ+ℓ−).
Table IV: Bounds for the relevant RPV couplings products by B+u → π+ℓ+ℓ−
and B0d → ℓ+ℓ− decays for 100 GeV sfermions, and previous bounds are listed for
comparison.
Couplings Bounds [Processes] Previous bounds [Processes][42]
|λ′1i3λ′∗1i1| ≤ 1.1× 10−4 [Bd→e
+e−]
[B+u→π+e+e−] ≤ 2.6× 10
−2 [Bd → e+e−]
|λi11λ′∗i31| ≤ 7.4× 10−6 [Bd→e
+e−]
[B+u→π+e+e−] ≤ 4.1× 10
−5 [Bd → e+e−]
|λ∗i11λ′i13| ≤ 7.4× 10−6 [Bd→e
+e−]
[B+u→π+e+e−] ≤ 4.1× 10
−5 [Bd → e+e−]
|λ′2i3λ′∗2i1| ≤ 1.3× 10−4 [Bd→µ
+µ−]
[B+u→π+µ+µ−] ≤ 5.4× 10
−4 [Bd → µ+µ−]
|λi22λ′∗i31| ≤ 3.7× 10−6 [Bd→µ
+µ−]
[B+u→π+µ+µ−] ≤ 6.2× 10
−6 [Bd → µ+µ−]
|λ∗i22λ′i13| ≤ 3.7× 10−6 [Bd→µ
+µ−]
[B+u→π+µ+µ−] ≤ 6.2× 10
−6 [Bd → µ+µ−]
Using the constrained parameter spaces shown in Table IV and Fig.3, one can predict the
RPV effects on the other quantities which have not been well measured yet in these processes.
We perform a scan over the input parameters and the new constrained RPV coupling spaces
to get the allowed ranges for B(B+u → ρ+ℓ+ℓ−), B(B+u → π+ℓ+ℓ−), B(B0d → ℓ+ℓ−), AFB(B+u →
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π+ℓ+ℓ−) and AFB(B+u → ρ+ℓ+ℓ−) with the different RPV couplings products. The numerical
results are summarized in Table V.
Table V: The results for B(B0d → ℓ+ℓ−), B(B+u → ρ+ℓ+ℓ−, π+ℓ+ℓ−) and AFB(B+u → π+(ρ+)ℓ+ℓ−)
in the SM and the RPV SUSY. The RPV SUSY predictions are obtained by the allowed regions
of the different RPV couplings products. In the RPV coulpings, g = 1 and 2 for ℓ = e and µ,
respectively.
SM value λ′gi3λ
′∗
gi1 λiggλ
′∗
i31 λ
∗
iggλ
′
i13
B(B0d → e+e−) [2.2, 3.7]× 10−15 [0.002, 6.7]× 10−14 [0.008, 6.1]× 10−8 [0.008, 6.1]× 10−8
B(B+u → π+e+e−) [1.4, 2.6]× 10−8 [0.57, 18.0]× 10−8 [1.6, 15.5]× 10−8 [1.7, 13.8]× 10−8
B(B+u → ρ+e+e−) [2.8, 9.7]× 10−8 [3.8, 586.8]× 10−8 [2.9, 10.2]× 10−8 [2.8, 10.2]× 10−8
AFB(B+u → π+e+e−) 0 0 [−7.2, 6.7]× 10−5 [−7.2, 7.2]× 10−5
AFB(B+u → ρ+e+e−) [0.14, 0.23] [−0.13, 0.82] [0.14, 0.23] [0.15, 0.23]
B(B0d → µ+µ−) [0.96, 1.56]× 10−10 [0.01, 38.9]× 10−10 [0.01, 1.5]× 10−8 [0.01, 1.5]× 10−8
B(B+u → π+µ+µ−) [1.4, 2.6]× 10−8 [0.22, 27.92]× 10−8 [1.7, 5.3]× 10−8 [1.6, 5.4]× 10−8
B(B+u → ρ+µ+µ−) [2.8, 8.4]× 10−8 [3.5, 780.4]× 10−8 [2.8, 9.1]× 10−8 [2.8, 9.1]× 10−8
AFB(B+u → π+µ+µ−) 0 0 [−1.1, 1.1]× 10−2 [−1.1, 1.1]× 10−2
AFB(B+u → ρ+µ+µ−) [0.14, 0.23] [−0.13, 0.46] [0.14, 0.23] [0.14, 0.24]
For Table V, we have the following remarks.
• As shown by Fig.2(b), the contributions of λ′1i3λ′∗1i1 and λ′2i3λ′∗2i1 to B(B0d → e+e−) and
B(B0d → µ+µ−), respectively, arise from t-channel squark exchange. After Fierz transfor-
mation, the effective Hamiltonian due to the t-channel squrk exchange is proportional to
b¯γµPRdℓ¯γµPLℓ, which contributions to B(B0d → ℓ+ℓ−) are suppressed by m2ℓ/m2B due to
helicity suppression. Therefore, B(B0d → e+e−, µ+µ−) will not be enhanced so much by
the t-channel squark exchanging RPV contributions. In other words, the bounds on these
two RPV coupling products are due to the upper-limits of B(B+u → π+ℓ+ℓ−). With the
bounds, the RPV squark exchanges could enhance B(B0d → e+e−) and B(B0d → µ+µ−), to
the utmost, to 6.7×10−14 and 3.9×10−9, respectively. However, the effective Hamiltonian
of s-channel sneutrino exchange would be b¯(1 ± γ5)dℓ¯(1 ∓ γ5)ℓ, whose contributions are
not suppressed by m2ℓ/m
2
B. Therefore, both B(B0d → e+e−) and B(B0d → µ+µ−) could
be enhanced to order of 10−8 to saturate their experimental upper limits by λi11λ′∗i31 and
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Figure 4: The effects of RPV coupling λ′1i3λ
′∗
1i1 due to the squark exchange in B
+
u → π+e+e−,
B+u → ρ+e+e− and B0d → e+e− decays. The primed observables are given with ψ(nS) VMD
contributions.
λi22λ
′∗
i31, respectively.
• At present there is no experimental data for B+u → ρ+ℓ+ℓ− decays. It is interesting to
note that B(B+u → ρ+ℓ+ℓ−) could be enhanced to order of 10−6 by the t-channel squark
exchange within the bounds due to the upper-limits of B(B+u → π+ℓ+ℓ−), however, it
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Figure 5: The effects of RPV coupling λ′2i3λ
′∗
2i1 due to the squark exchange in B
+
u → π+µ+µ−,
B+u → ρ+µ+µ− and B0d → µ+µ− decays.
is not sensitive to the s-channel sneutrino exchanges within the constrained parameter
space.
• AFB(B+u → π+e+e−) and AFB(B+u → π+µ+µ−) are zero in the SM. The RPV contri-
butions to the asymmetries due to squark exchanging are also zero, while the sneutino
exchanging RPV contributions are also too small to be accessible at the LHC.
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• It is found that the squark exchanging RPV contributions have significant impacts on
AFB(B+u → ρ+e+e−) and AFB(B+u → ρ+µ+µ−). While, the RPV contributions due to
the sneutrino exchange affect AFB(B+u → ρ+e+e−) and AFB(B+u → ρ+µ+µ−) slightly.
For each RPV coupling product, we present the distributions and correlations of branching
ratios and forward-backward asymmetries within the constrained parameter space in Fig.3.
Numerical results are shown in Figs.4-6, where correlations between the physical observable B,
AFB and the parameter spaces of the different RPV coupling products by the three-dimensional
scatter plots. The dilepton invariant mass distribution and the normalized forward-backward
asymmetry are given with vector meson dominance (VMD) contribution excluded in terms of
dB/dsˆ and dAFB/dsˆ, and included in dB′/dsˆ and dA′FB/dsˆ, respectively. From Figs.4-6, one
can find the correlations of these physical observable with the RPV coupling products.
Now we turn to discuss plots of Fig.4 in detail. The three-dimensional scatter plot shows
AFB and B correlated with |λ′1i3λ′∗1i1| and its phase φ 6Rp . We also give projections on three
vertical planes, where the |λ′1i3λ′∗1i1|-φ 6Rp plane displays the constrained regions of λ′1i3λ′∗1i1 as the
second plot of Fig.3. From plots of Fig.4(a)-(c), we can find that B(B0d → e+e−), B(B+u →
π+e+e−) and B(B+u → ρ+e+e−) are increasing with |λ′1i3λ′∗1i1| on the B-|λ′1i3λ′∗1i1| planes, and
B(B+u → π+e+e−) can be enhanced to its present experimental upper limit. Fig.4(d) shows that
AFB(B+u → ρ+e+e−) is decreasing with |λ′1i3λ′∗1i1| on the AFB(B+u → ρ+e+e−)-|λ′1i3λ′∗1i1| plane.
It is shown that B(B0d → e+e−), B(B+u → ρ+e+e−) and AFB(B+u → ρ+e+e−) are sensitive to φ 6Rp
with the first two increasing with |φ 6Rp | while the last one decreasing, whereas B(B+u → π+e+e−)
is insensitive to φ 6Rp . From Figs.4(e)-(f), we can find that the the λ
′
1i3λ
′∗
1i1 contributions are
significantly larger than the SM contributions at the all sˆ regions with theoretical uncertainties
included. While for dB(B+u → ρ+e+e−)/dsˆ, the RPV effect is significant at the low sˆ region.
Especially from Fig.4(i)-(j), we find the RPV contributions to dA(′)FB(B+u → ρ+e+e−)/dsˆ are
quite different from the SM expectations. All the above observations can be extended to Fig.5,
but for squark u˜iL contributions to B
0
d → µ+µ−, B+u → π+µ+µ− and B+u → ρ+µ+µ−, instead.
The RPV sneutrino exchange contributions to B+u → ρ+ℓ+ℓ−, B+u → π+ℓ+ℓ− and B0d →
ℓ+ℓ− are very similar to each other. We would take λ∗i22λ
′
i13 contributions as an example, which
is shown by Fig.6. Figs.6(a)-(b) show that both B(B0d → µ+µ−) and B(B+u → π+µ+µ−) are in-
creasing with |λ∗i22λ′i13| on the B-|λ∗i22λ′i13| planes, but insensitive to φ 6Rp , and B(B0d → µ+µ−) can
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Figure 6: The effects of RPV coupling λ∗i22λ
′
i13 due to the sneutrino exchange in B
+
u → π+µ+µ−,
B+u → ρ+µ+µ− and B0d → µ+µ− decays.
be enhanced to ∼ 1.5×10−8 which saturates its present upper limit. As shown by Figs.6(c) and
(d), both AFB(B+u → ρ+µ+µ−) and B(B+u → ρ+µ+µ−) are insensitive to the RPV sneutrino
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contribution. The scatters of points in Figs.6(c) and (d) are due to theorectical uncertain-
ties. The similar situation is also found for the distributions of dAFB(B+u → ρ+µ+µ−)/dsˆ
and dB(B+u → ρ+µ+µ−)/dsˆ. From Figs.6(g)-(j), one can find that the present theoretical un-
certainties in our numerical calculation are still very large, and the RPV sneutrino exchange
contributions are indistinguishable from the uncertainties. Figs.6(e)-(f) are the distributions of
dB(′)(B+u → π+µ+µ−)/dsˆ, which show the RPV contributions distinguishable only in the high
sˆ region.
As known, to probe new physics effects, it would be very useful to measure correlative
observables, for example, B(B+u → ρ+ℓ+ℓ−), B(B+u → π+ℓ+ℓ−) and B(Bd → ℓ+ℓ−), since
correlations among these observables could provide very strict bound on new physics models.
It should be noted that the present upper limit of B(B+u → π+ℓ+ℓ−) < 9.1 × 10−8 made
by BABAR [15] is based on just 208.9fb−1 data, which is already just one order higher than
the SM expectation. Up to this Fall, Belle and BABAR have recorded as much as 709fb−1
and 500fb−1 data, respectively. Searches with these data will surely improve the upper limits
for these decays to large extent, which will give much stronger constraints on the RPV SUSY
parameter spaces. On the other hand, the decays with enhancement of the RPV SUSY might be
accessible at BABAR and Belle, especially, the B+u → ρ+ℓ+ℓ− decay. For such a measurement,
a good ρ+ → π+π0 sub-vertex reconstruction is necessary to distinguish it from the much more
copious decay B+ → K∗+ℓ+ℓ− → (K+π0)ℓ+ℓ−, and may be a challenging task at BABAR and
Belle. In the near future at the LHCb, these decays might be measured with much larger data
samples.
4 Summary
We have studied B+u → π+ℓ+ℓ−, B+u → ρ+ℓ+ℓ− and B0d → ℓ+ℓ− decays extensively in the
RPV SUSY. From the latest experimental upper limits of B(B+u → π+ℓ+ℓ−) and B(B0d →
ℓ+ℓ−), we have obtained the constrained parameter spaces of the RPV coupling products,
and found these constraints are robust and stronger than the existing ones, which may be
useful for further studies of the RPV SUSY phenomenology. Using the constrained parameter
space, we have given the RPV impacts on the branching ratios B(B0d → ℓ+ℓ−), B(B+u →
22
π+ℓ+ℓ−) and B(B+u → ρ+ℓ+ℓ−), and the forward-backward asymmetries AFB(B+u → π+ℓ+ℓ−)
and AFB(B+u → ρ+ℓ+ℓ−).
It is shown that B(B0d → ℓ+ℓ−) is very sensitive to the RPV s-channel sneutrino exchange,
but not to t-channel squark exchange, which could be enhanced to ∼ 10−8 by the former. On the
contrary, B+u → ρ+ℓ+ℓ− is very sensitive to t-channel squark exchange, and B(B+u → ρ+ℓ+ℓ−)
could be enhanced to ∼ 10−6, which could be tested at BABAR and Belle.
Furthermore, we have shown the RPV effects on dilepton invariant mass spectra and the
normalized forward-backward asymmetries in B+u → π+ℓ+ℓ− and B+u → ρ+ℓ+ℓ− decays. In
the constrained parameter space, it is found that the RPV couplings λ′1i3λ
′∗
1i1 and λ
′
2i3λ
′∗
2i1 of
squark exchanges could result in the distributions of dB(B+u → ρ+ℓ+ℓ−)/dsˆ and dAFB(B+u →
ρ+ℓ+ℓ−)/dsˆ significantly different from the SM expectations. The other four RPV couplings
due to the sneutrino exchanges give distinguishable contributions to dB(B+u → π+ℓ+ℓ−)/dsˆ
at high sˆ region. But for the B+u → ρ+ℓ+ℓ− decays, the sneutrino exchange contributions to
dB/dsˆ and dAFB/dsˆ are indistinguishable from the theoretical uncertainties.
With the operation of B factories, many measurements of rare B decays have put strong
constraints on new physics scenarios beyond the SM. With the near future experiments at
the LHCb, one can access many more rare decays with high statistics, which will give more
stringent bounds on the products of the RPV couplings. From measurement of the correlated
decays, one may eventually establish indirect evidence for specified new physics model or rule
it out.
The results in this paper could be useful for probing the RPV SUSY effects and will correlate
strongly with searches for the direct RPV signals at future experiments. Negative experimental
evidence for the deviations from the SM expectations in these decays would result in strong
constraints on these RPV couplings.
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